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Introduction: Necrotizing soft tissue infections can affect various tissue planes. Although predisposing etiologies
are many, they mostly center on impaired immunity occurring directly or indirectly and loss of integrity of
protective barriers which predispose to infection. The nonspecific presentation may delay diagnosis and favor high
mortality.
Case presentation: Two case vignettes are presented. The first patient, a 44-year-old healthy South Asian man with
a history of repeated minor traumatic injury presented to a primary health care center with a swollen left lower
limb. He was treated with antibiotics with an initial diagnosis of cellulitis. Because he deteriorated rapidly and
additionally developed intestinal obstruction, he was transferred to our hospital which is a tertiary health care center
for further evaluation and management. Prompt clinical diagnosis of necrotizing soft tissue infection was made and
confirmed on magnetic resonance imaging as necrotizing fasciitis. Urgent debridement was done, but the already
spread infection resulted in rapid clinical deterioration with resultant mortality. The second patient was a 35-year-old
South Asian woman with systemic lupus erythematous receiving immunosuppressive therapy who developed left
lower limb pain and fever. Medical attention was sought late as she came to the hospital after 4 days. Her condition
deteriorated rapidly as she developed septic shock and died within 2 days.
Conclusions: Necrotizing fasciitis can be fatal when not recognized and without early intervention. Clinicians and
surgeons alike should have a greater level of suspicion and appreciation for this uncommon yet lethal infection.
Keywords: Necrotizing fasciitis, Necrotizing soft tissue infections, Systemic lupus erythematosusIntroduction
Necrotizing soft tissue infection (NSTI) targets skin, sub-
cutaneous tissue, muscle or fascia and the infection may
spread to involve adjacent tissue planes [1]. Classification
systems vary based on tissue plane level or that of the mi-
croorganisms involved [2]. Based on the causative organ-
ism it is commonly categorized as type I or II necrotizing
fasciitis (NF) [3] but some authors choose to extend this
up to type III and IV when atypical organisms are in-
cluded [4,5]. Multiple risk factors favor development of
NF, which include loss of integrity of barrier mechanisms
and conditions eventually predisposing to impaired im-
munity [2,6] among others. Few cases are diagnosed early
due to the absence of specific symptoms; this predisposes
to increased mortality because it can delay definitive surgi-
cal intervention and delay in diagnosis has been shown to* Correspondence: rayno.navinan@gmail.com
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unless otherwise stated.be a major contributing factor for death [7]. NF is consid-
ered a rare and potentially fatal condition [4] and two
cases are described here.
Case presentation
Case 1
A previously healthy 44-year-old South Asian man who
worked as a groundskeeper and caretaker presented with
left lower limb pain of 3 days’ duration with fever. The
pain was significant enough to cause subjective weakness
and his limb was found to be warm to touch and swollen.
A preliminary clinical diagnosis of cellulitis was made and
he was started on low-dose intravenous cloxacillin. The
clinical situation worsened rapidly with progressive limb
swelling and he became more septic. He developed abso-
lute constipation and his abdominal girth increased during
this timeframe and intestinal obstruction was suspected.
He was transferred to our tertiary care center for further
evaluation and management. An examination revealedl Ltd. This is an Open Access article distributed under the terms of the Creative
ommons.org/licenses/by/4.0), which permits unrestricted use, distribution, and
iginal work is properly credited. The Creative Commons Public Domain
g/publicdomain/zero/1.0/) applies to the data made available in this article,
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torso and legs (Figure 1). He appeared ill and was febrile.
His left leg was noted to be kept in a laterally rotated
position and the whole leg was swollen. It was also warm
and tender to touch but did not exhibit any obvious super-
ficial skin changes (Figure 1). There were crepitations
on auscultation in both lung bases. His abdomen was
distended but soft and percussion note was tympanic.
Auscultation revealed diminished bowel sounds. Car-
diovascular and neurological systems were normal on
examination.Figure 1 Initial clinical presentation and surgical intervention. The two
by the patient. The image in the middle shows a laterally rotated swollen l
on surgical debridement of the left thigh.Whole blood analysis revealed an elevated leucocyte
count of 25.87 × 109μ/L (normal: 4 to 10) which was pre-
dominantly neutrophilic (83%; normal: 50 to 70) with pre-
served hemoglobin and platelets. Inflammatory markers
were elevated with an erythrocyte sedimentation rate
(ESR) of 51mm for the first hour (normal: < 15). His renal
functions were within reference range and remained
normal throughout. An X-ray of his abdomen revealed
dilated gaseous bowel loops (Figure 2) while an X-ray of
his left thigh failed to demonstrate any abnormality or gas
(Figure 2). An urgent magnetic resonance imaging (MRI)top images depict the various healed and recent injuries sustained
eft thigh and lower limb. The bottom image depicts necrotic muscle
Figure 2 X-ray imaging of left thigh and abdomen. Image on the left is an X-ray of the left thigh; it failed to demonstrate presence of gas.
Image on the right is an X-ray of the abdomen in supine position which demonstrates dilated large bowel loops favoring the clinical picture of
intestinal obstruction.
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adductor compartment of his left thigh with numerous
cystic areas of peripheral enhancement and gas. Fascial
involvement was seen extending to involve his hip and
there was a concomitant large left-side knee joint effusion.
Appearances were that of a NSTI with muscle and fascial
involvement (Figure 3). Based on the clinical picture and
MRI interpretation a diagnosis of NF was made. Surgical
debridement was carried out urgently and intravenous
cloxacillin was continued in high dosage together with
intravenous metronidazole. During debridement, a copi-
ous quantity of necrotic material and fluid was cleared
(Figure 1). Deep tissue culture taken at surgery revealed
methicillin-resistant Staphylococcus aureus (MRSA) and
intravenous vancomycin was added to the antibiotic
regimen. Blood cultures were persistently negative. The
intestinal obstruction resolved spontaneously with passage
of stools and flatus. Although follow-through debride-
ment and intervention were planned the patient be-
came hemodynamically unstable and unsuitable for
general anesthesia and induction as he remained inotrope
dependent in septic shock. The unavoidable delay resulted
in the infection rapidly spreading to involve his upper
trunk and further ascending to involve his left upper limb
as well over 48 hours (Figure 4). His clinical condition was
reflected in our investigations because his leucocyte levels
rose to 33.92 × 109/L (normal: 4 to 10) although his blood
cultures remained negative. He developed deteriorating
liver functions with an elevated international normalized
ratio of 1.43, an aspartate amino transferase of 97U/L
(normal: 10 to 35) an alanine amino transferase of 74U/L(normal: 10 to 40) and an alkaline phosphatase value of
1091U/L (normal: 100 to 360). Arterial blood gas revealed
a compensated metabolic acidosis, with a pH of 7.41, bi-
carbonate (HCO3−) of 17.1mmol/L (normal: 22 to 26) and
a partial pressure of carbon dioxide of 27mmHg (normal:
35 to 45). However, his renal functions remained normal.
His creatinine kinase was elevated with a value of 776U/L
(normal: 25 to 174). Human immunodeficiency virus
screening was negative as was hepatitis C antibodies.
On day 7, he died.
Case 2
A 35-year-old South Asian woman who was previously
diagnosed with systemic lupus erythematosus (SLE) and
was on immunosuppressive therapy consisting of pred-
nisolone and azathioprine presented with a 4-day history
of fever and left lower limb pain. On examination she
was febrile with a tender left leg was which was
mildly erythematous and warm to touch and initially
without any obvious skin manifestations such as bullae
or blisters. Systemic examination was normal including
preserved hemodynamic parameters. Blood cultures were
taken and she was started on empirical antibiotics of intra-
venous cloxacillin. However, within 12 hours she devel-
oped bullae (Figure 5) on the medial aspect of her
left calf and thigh. She deteriorated rapidly soon after-
wards with hemodynamic compromise. Urgent debride-
ment was undertaken.
Whole blood analysis demonstrated neutrophilic pre-
dominant (90%) leucopenia of 3.87 × 109/L (4 to 11)
and a mild anemia with hemoglobin of 9.9g/dL (normal:
Figure 3 Magnetic resonance imaging of the left lower limb. Row 1: T2-weighted sagittal and axial view magnetic resonance imaging cuts of
the left thigh demonstrate loss of normal architecture and edema of the muscle of the adductor compartment and numerous cystic areas. Row
2: Fat-suppressed T1-weighted image on the left, and T2-weighted image on the right, both axial magnetic resonance imaging cuts at the knee
level demonstrate presence of gas with knee joint effusion.
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preliminary renal profile was unaltered. Her international
normalized ratio was mildly deranged at 1.42 (normal: 0.9
to 1.1), aspartate transaminase was elevated at 55U/L
(normal: 10 to 35) but alkaline phosphatase and proteinsFigure 4 Clinical deterioration and progression of necrotizing
fasciitis. Image depicts necrotizing fasciitis ascending to involve the
chest and left upper limb.were normal. Her ESR was elevated at 110mm for the first
hour. Arterial blood gas demonstrated partially compen-
sated metabolic acidosis with a pH of 7.35 (normal:
7.5 to 7.45) and a HCO3− of 13.2mm/L (normal: 22
to 26). On admission she had normal serum sodium
of 144mmol/L (normal: 135 to 148) and serum potas-
sium of 3.8mmol/L (normal: 3.5 to 5.1) and a serum
creatinine of 69μmol/L (normal: 60 to 120). Random
blood sugar was 85mg/dL (normal: 79 to 140). Blood cul-
tures and deep tissue cultures failed to reveal any organ-
isms. Following surgery she remained in intensive care but
she rapidly deteriorated and became inotrope dependent.
She died 34 hours into hospital admission.
Discussion
The first patient had NF and muscle necrosis of the ad-
ductor compartment of his thigh from the outset, but
failure of the primary care center to realize the masked
signs of NF led to the infection moving up to involve his
upper trunk and arm. The delay in definitive manage-
ment resulted in spread of infection with eventual sepsis
and death. Case 2 was an immunocompromised patient
who presented late. The inability of her body to mount
Figure 5 Superficial skin manifestations of necrotizing fasciitis. Image on the left shows early skin involvement of the left medial aspect of
the thigh and bullae formation of the calf, which is more clearly demonstrated on the image on the right.
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sion of NF with sepsis and septic shock despite urgent
surgical and medical intervention.
Diagnosis of NF is a challenge to a clinician because it
is a rare entity and there may be no obvious pointers
favoring its diagnosis [8]. Expected manifestations like
skin necrosis are not always obvious, and care should be
taken to search for suggestive local (severe spontaneous
pain that is disproportional to the degree of inflamma-
tion, indurated edema, bullae, cyanosis, skin pallor, ab-
sence of lymphangitis, skin hypoesthesia, crepitation,
muscle weakness) and systemic signs of ongoing sepsis
[2,6]. Furthermore the classic bronze or reddish discol-
oration of skin due to clostridial infections may not be
commonly visualized due to the already tanned skin
complexion of Asians, although Case 2 demonstrated
typical skin manifestations with bullae formation. In
Case 1 the possible missed sign was the out of propor-
tion pain with a sense of weakness and heaviness which
are nonspecific presenting features of gas-forming NF
[9]. These were mistaken for a milder form of infection,
cellulitis, with absence of superficial skin manifestations.
Risk factors include compromised integrity of skin or
mucous membranes, diabetes, arteriopathy, alcoholism,
obesity, immunosuppression, malnutrition, renal failure,
and age > 60 years. Non-steroidal anti-inflammatory drugs
have been suggested as possible risk factors for NF [2,6].
Both our patients had predisposing factors. The patient
in Case 1 suffered multiple injuries secondary to his oc-
cupation as a laborer, but none were recent. However,
Clostridium spores may remain dormant for many years
before germination and resultant NF [10]. NF in SLE is
uncommon [11] and Kamran et al. state that only 13 cases
were reported up to 2008 [12]. A dampened immune sys-
tem due to immunosuppressive (azathioprine with pred-
nisolone in our patient) therapy, the disease process per se
[12] or skin fragility secondary to prednisolone [13] could
be additional predisposing factors for patients with SLE
to get NF.Although any part of the body may be involved, the
lower limbs are the most commonly affected sites for in-
fection (28%) [14]. The absence of fibrous attachments
in the limbs and trunk lead to widespread infection and
tissue destruction. Infection can also spread to venous and
lymphatic channels with resultant edema and thrombosis
of blood vessels which cause ischemia and gangrene of
subcutaneous fat and dermis [2]. The involvement of the
trunk carries a poorer prognosis compared with the ex-
tremities in isolation [15]. The rapidity at which the infec-
tion spread up the lower limbs in both our patients and
the involvement of the trunk and upper limb in Case 1
can thus be explained.
Polymicrobial NF infections are poorly demonstrated
on blood cultures which are found positive only in 20 to
27% [3,7] of patients. Neither of our patients’ blood cul-
tures became positive. However, Case 1 had MRSA present
on deep tissue culture. But the presence of gas in MRI
suggested presence of an additional gas-forming organism,
possibly a clostridial species. Although NF is commonly
classified into type I and II, some extend the classification
further and identify Gram negative or clostridial induced
as type III and fungal-induced NF as type IV [4,5,16]. Type
III due to clostridial species with muscle involvement is
also considered clostridial myonecrosis. Clostridial sepsis
can be secondary to trauma due to penetrating injuries,
underlying intestinal pathology or even occur spontan-
eously. The patient in Case 1 most probably had type III
NF as gas was present with muscle necrosis. In Case 2
neither blood nor deep tissue culture yielded growth,
in keeping with culture patterns observed in polymi-
crobial NF or it may also be due to the immunocom-
promised state which may result in atypical organisms
causing NF in SLE, for example Pseudomonas aeruginosa,
and Serratia marcescens [17,18].
Imaging aids diagnosis. X-rays can show gas, although
only in a minority (13%) of cases, and show increased
soft tissue thickness. Ultrasound can help identify fascial
edema and gas and fluid collection, having a sensitivity
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limitations may affect interpretation. Contrast-enhanced
computed tomography can reveal soft tissue air and fluid
and abscess collection, but its use may be limited by
concomitant renal failure. MRI has been found to have a
sensitivity of 100% and specificity of 86%. It can demon-
strate gas bubbles as signal voids, and identify fascial
fluid secondary to necrosis and inflammatory edema be-
cause it causes variation in signal intensity. When not
enhanced the severity may be overestimated due to its
inability to differentiate affected tissue from that of non-
affected, and underestimated when gadolinium enhanced
because tissue hypoperfusion may limit uptake [19-22].
Overall, MRI is considered the investigation of choice,
but none of the imaging modalities should delay defini-
tive surgical intervention [23]. Case 1 demonstrated typ-
ical imaging changes on MRI with presence of gas with
fascial and adjacent muscle compartment involvement
as NSTI has been known to cross and involve neighbor-
ing tissue planes [1].
A Laboratory Risk Indicator for Necrotizing Fasciitis
(LRINEC) score of 6 or above (parameters made of total
white cell count, hemoglobin, sodium, glucose, serum
creatinine, and C-reactive protein) introduced by Wong
et al. in their retrospective analysis [24] was found to be
useful in detecting NF early. Although our patients’ ESR
was elevated and available it is not included in the scoring
system and, unfortunately, C-reactive protein is not avail-
able in the free health-care system offered in our country,
thus limiting initial assessment using the LRINEC scoring
system, but clinical sense should take precedence when
other parameters are unavailable and when the LRINEC
score contradicts diagnosis of NF on clinical grounds [25].
Treatment is mainly surgical with relevant early radical
debridement of devitalized tissue. Being too judicious
and attempting to conserve tissue may in fact be detri-
mental in the long run as it has been shown to worsen
mortality [26]. In addition, supportive measures should be
implemented with broad spectrum antibiotic treatment to
target the spectrum of causative microorganisms (Strepto-
coccus pyogenes, Staphylococcus aureus including MRSA,
and Gram-negative aerobes and anaerobes) until cultures
are available [2]. Other novel treatment options and ad-
juncts have been tried and suggested, for example intra-
venous immunoglobulin to counteract systemic toxicity
produced by beta-hemolytic Streptococci [27] and hyper-
baric oxygen as an effective adjunct in reducing morbidity
and mortality [28], although it remains disputed [29].
Vacuum-assisted closing as a postsurgical adjunct to ex-
pedite healing [30] also has been tried.
NF without treatment has a mortality of 100% [2] but
with medical and mainly surgical intervention it now
has an overall mortality of 16 to 20% [15,31]. Type I NF
was found to have a mortality of 21% by Wong et al. [7]but mortality in type III NF due to clostridial species can
range from 25 to 80% [32]. Female gender, presence of
malignant disease, and diabetes mellitus were found to
be independent factors associated with increased mortal-
ity in the idiopathic variants [33]. However time plays
the most significant role as a delay of no greater than 24
hours can literally double the mortality rate [27]. The
primary focus in the first patient was shifted to the in-
testinal obstruction which was due to two possible
mechanisms. One was that he developed paralytic ileus,
an observed complication of an abdominal abscess [34]
which could occur with infection tracking up to involve
the psoas. The second possibility is of an occult intes-
tinal malignancy, which is known to have an association
with type III NF due to Clostridium species [35,36],
which in turn could track through fascial and muscle
planes to involve the lower limb and upper trunk. How-
ever, since lower limb features were predominant in the
absence of any abdominal involvement at the outset and
the transient intestinal obstruction resolved, the former
is more likely. The urgency of time in managing NF is
reinforced as there is little doubt that mortality was due
to failure in identifying and curtailing the disease in time
in Case 1 and delay in seeking management in Case 2.
Conclusions
NSTIs are a poorly recognized group of lethal conditions.
Clinicians and surgeons should have a high index of suspi-
cion when symptomology is out of proportion to the clin-
ical presentation. Failing to identify classical risk factors
and not clinching the diagnosis early, non-aggressive treat-
ment and delayed definitive surgical intervention favor
mortality.
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